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ＴｈｅＫｏｐｈｏｔｏｐｒｏｄｕｃｔｉｏｎｏｎｔｈｅｄｅｕｔｅronisanalyzedbyinvestigatingtheefTbctsofthehyperon-
nucleonandthekaon-nucleonrescatteringiｎｔｈｅｆｉｎａｌｓｔａｔｅａｎｄｔｈｅｐｉｏｎｍｅｄｉａｔｅｄｐｒｏｃｅｓｓ７ｄ→
7ＴＮｊＶ－＋ＫＹｊＶ・AremarkableefTbctofthehyperon-nucleonrescatteringisfbundinthｅｔｈｒｅｓｈｏｌｄ
ｒｅｇｉｏｎｏｆｔｈｅinclusivecrosssection･ＴｈｅｅｆＴｂｃｔｏｆｔｈｅｐｉｏｎｍｅｄｉａｔｅｄｐｒｏｃｅｓｓｉｓｓｉｇｎｉｆｉｃａｎｔｆｂｒ
ｔｈｅｋａｏｎａｔａｌargerkaonscatteringangleswithsmallermomenta，whereasthekaon-nucleon
rescatteringismuchlessimportant、Besidesthecrosssections，polarizationobservablesarealso
sｔｕｄｉｅｄｗｉｔｈｒｅｓｐｅｃｔｔｏthefinalstatesinteractions・Ｔｈｅｅｘｔｒａｃｔｉｏｎｏｆｔｈｅｅｌｅｍｅｎｔａｒｙａｍｐｌｉｔｕｄｅｓ
ｉｓｓｈｏｗｎｉｎｔｈｅｆｒａｍｅｗｏｒｋｏｆｔｈｅｉｍｐｕｌｓｅａｐｐｒｏｘｉｍａｔｉｏｎ．
１Introduction
Thestudyofthekaonphotoproductionhas
drawnattentionfbrmorethanthreedecadessince
theworkofThom[lITheadventofanewgen-
erationofhighduty-factoracceleratorswithsufL
ficientlyhighenｅｒｇｙｓｕｃｈａｓＥＬＳＡｉｎＢｏｎｎｏｒ
ＣＥＢＡＦｉｎＮewportNewshastriggeredseveral
newanalyses[2-6lTheseanalysesinvestigated
theprotonchannels7p→Ｋ＋Ａａｎｄ７ｐ－十Ｋ＋Zo
sincealargenumberofexperimentaldatahaNrebe-
comeaﾊﾞﾉailablefbrthesechannels[7,8］Freeneu-
trontargetsarenotavailablefbrthestudyofthe
neutronchannelsbecauseoftheirshortlifetime、
Insteadoneuseslightnucleilikedeuteronwhich
hassmallbindingenergyandsimplestructureas
efIbctiveneutrontargets・Withthepurposetoex-
tracttheelementarycrosssectiononaneutron
target,ＬｉｅＭｌ.[9]havecalculatedthereactions
7d→KMp,7.-+KoZop,and7d→K+Z-pin
theimpulseapproximation(1A)only､Theycon‐
cludedthatthedeuteroncanbeusedｔｏｓｔｕｄｙＫｏ
ａｎｄＫ＋photoproductionontheneutron・The
studyofthehyperon-nucleoninteractionisan-
otherimportantaspectofkaonphotoproduction
onthedeuteron・Severalinvestigationsofthisis-
sueexistalready・RenardandRenard[10,11]ｈａＮ'e
derivedthefbrmalismandstudiedtheA7Dinter-
actioninkaonphotoproductiononthedeuteron・
AdelseckandWright[12]haN'eexaminedtheAnfi‐
nalstateinteractioninkaonphotoproductionfrom
thedeuteronviaadistortedwavefbrmalismbyus-
ingasimpleAnpotential、Withtheintentionof
investigatingthehyperon-nucleon(YjV)interac‐
tion,inarecentpaperYamamuraeM.[13]have
calculatedY1VfinalstateinteractionfbrtheK＋
channelsbyusingthemorerealisticNijmegenYjV
potentials[14,15）TheyfbundsizeableefIectsof
theYⅣinteractioninbothexclusiveandinclusive
crosssections，inparticularacusplikestructure
neartheZ-thresholdAlsotheyconcludedthat
precisedatawouldallowtostudytheYNinterac-
tioningre帥erdetaiLThisworkisextendedinthe
workofASalam[16]byincludingthecontribution
fromkaon-nucleon(、V)rescatteringinthefinal
stateandpionmediatedprocess7d-＋７ＴＮＮ→
ＫＹＮ(汀K-processfOrshort)intheintermediate
stateofthereactionAnotherrecentcalculationis
byKerbikov[17]whichalsoinvestigatedYjVfinal
stateinteractionAveryrecentstudyoftwo-body
contributionstothephotoproductionoperatorwas
publishedbyMaxwell[18]usingadiagrammatic
approachwherethepionmediatedprocessisin-
cludedinlowestorderbutwithoutYNandKN
rescattering・
Inthepresentpaper，weextendtheworkof
YmnamuraetM[13]bycalculatingtheKopho-
toproductiononthedeuteronandtakingintoac-
counttheeflectsofKIVrescatteringand7TK-
processSpecialattentionispaidfbrthechannel
7d-＋KoApinordertoshowthepossibilityofex-
tractingtheinvariantelementaryamplitudefrom
thecrosssection、ＩｎＳｅｃｔ、２，webrieHyreview
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theproductionoperatorusedinthisworkThe
fbrmalismofcalculatingthetransitionmatrixand
thecrosssectionfbrkaonphotoproductiononthe
deuteronisshowninSect､３．Theresultsarepre-
sentedinSect､４andweclosethepaperwithsome
conclusionsinSect、５．Throughoutthepaperwe
usethenaturalunitsh＝ｃ＝１．
usedwhich，however，destroysgaugeinvariance
lnordertorestoregaugeinvariance,arecipefTom
Haberzettl[21]wasutilizedThecouplingcon‐
stantsandcut-offparametersweredeterminedby
fittingtotheexperimentaldataFi９．１showsthe
totalcrosssectionfbrthevariouschannelsasob‐
tainedfromthismodeltogetherwithexperimen-
taldata[8lOnereadilynotesthatthemodel
describesthedatafairlywelL２Ｔｈｅｋａｏｎｐｈｏｔｏｐｒｏｄｕｃｔｉｏｎｏｐｅｒａｔｏｒ
Almostallanalysesofkaonphotoproduction
onthenucleonwereperfbrmedattreelevell2-61in
aneffectiveLagrangianapproachWhilethisleads
totheviolationofunitarity,thiskindofisobaric
modelprovidesasimpletooltoparametrizekaon
photoproductiononthenucleonbecauseitisrela-
tivelyeasytocalculateandtousefbrproduction
onnuclei・Inthisapproach，thephotoproduction
amplitudehasthefbrm
３Ｔｈｅｒｅａｃｔｉｏｎｏｎｔｈｅｄｅｕｔｅｒｏｎ
Ｔｈｅｃｒｏsssectioninthedeuteronrestframｅｉｓ
ｇｉｖｅｎｂｙ
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whereα＝{〃Y,似Ⅳ,似｡,入}denotethespinprojec‐
tionsofhyperoLnucleon，deuteronandthepho-
l;:盟翻:11(f鯛i蕊(麓庶鯛孟二
fromtheproperantisymmetrizatioｎ．Inthisex-
pressionthedependenciesonthekinematicalvari-
ablesｈａｖｅbeensuppressedanditshouldbeun-
derstoodthattheoperatort7Kactsononeof
thetwoinitialbaryons・rbrtheinclusiveprocess
d(7,Ｋ)YjVthecrosssectionisgivenby
莇両一:=か;m筈鍔芸:夢’ｄｏ
×|伽院MXK'⑪鯵`>|②，（32）
whereW2＝（月十Ｑ)２andlpfmliscalculated
inthecenｔｅｒｏｆｍａｓｓｆｒａｍｅｏｆｔｈｅｔｗｏｆｍａｌ
ｂａｒｙonslnarrivingatthisexpressionthefac-
tor(ｍＹ/EY)(mjv/Eﾉv)×(EY/ｍＹ)(Eﾉv/nＷ)has
beeninsertedinEq.(3.1）Thesecondfactormul‐
tipliesthenuclearmatrixelementwhichistreated
non-relativistically・Ｔｈｕｓｏｎｅｃａｎreplaceitby
unity・Thedetailofthesederivationscanbefbund
intheworkofYamamuraetqＩ.[l3IThecrosssec-
tionfbrtheexclusiveprocessd(7,KYWisgiven
by
…臆`Qトー:二m三鰐蜑',。。
×lEb'角'一Eγ'○'cosOf｢Ⅲ
×にく叱沁'tX底'⑩似`>r,
（3.3）
４
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whereAd，sareinvariantamplitudesasfilnctions
oftheMandelstamvariablesonly、Thehyperon
andnucleonDiracspinoｒｓａｒｅｄｅｎｏｔｅｄｂｙｕ似Ｙａｎｄ
ｕ似Ⅳ，respectively・TheinvariantDiracoperators
rX,whicharegivenby
rR＝；75(鰍一鮴)，（22）
ｒヌー′)'5[(29-A)･ＥＡＰｋ
－(29-A)･ADP.Eﾊル（2.3）
ｒｉ＝７５(9.Ｍ－9.eﾊﾙ)，（24）
ｒｉ＝ｊｅ…｡7仏q"ERA｡， （25）
aregaugeinvariantLorentzpseudoscalars・They
aregivenintermsoftheusual7-matrices,thepho-
tonmomentumlD，anditspolarizationvectorE几
HereAlabelsthepolarizationstates,qistheme-
sonmomentum,andＰ＝(p'+p)/2,wherepandp′
denoteinitialandfinalbaryonmomenta，respec-
tively[1９１ByexpressingtheDiracoperatorsand
spinorsintermofPaulimatrices{1,ケ}andspinors
X，wecanwritethekaonphotoproductionopera-
toras
tXK＝ｉ(ＭｹﾞR入)，（M）
→
ｗｈｅｒｅＬＡａｎｄＫ入arefimctionsofAi・Therather
→
lengthyexpressionofAi,Ｌ入,ａｎｄKAcanbefbund
intheworkofMart[201．
ＩｎｔｈｅｐｒｅｓｅｎｔｗｏｒｋｗｅｕｓｅｔｈｅｍｏｄｅｌｏｆＭａｒｔ
ｅｔＭ[4]whichincludedtheD13(1900)resonance
besidetheBorntermsandotherresonances、Sep-
aratehadronicfbrmfactorsfbreachvertexwere
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whereEb＝島十ｍ｡－EKandQisthemomen-
tumtransfbr、TheangleOfismeasuredrelative
-
tothedirectionofQ・
Theamplitudeisapproximatedbythediagram
showninFig.(2),whichiswrittenfbrconvenience
as
〈蛎脚|tｽK|皿似`〉＝〈川jvlⅣK|⑪仏｡〉
（3.4）
ｗｉｔｈ
Ｔ７Ｋ＝t7K＋t淵十t淵十t震，（３５）
wheretKt潟,t淵,andt蔭denotetheop
eratorsfOrtheilnpulseapproximation，hyperon-
nucleonrescattering，kaon-nucleonrescattering，
andthepionmediatedprocess,respectively
ThelAandYNrescatteringtermsarecalcu-
latedveryprecisely・Herewedescribethecalcula戸
tionbrieHyThereadershouldconsu1ttoＲｅｆ[13］
fbrthedetaiLTheoperatorofdiagrams(a)ａｎｄ
(b)canbewrittenas
IpL奇＝ｔ７Ｋ＋t猟（36）
＝ｔ７Ｋ＋tYjvGYﾉvｔ７Ｋ（3.7）
withtheYJVscatteringoperatortwvwhichobeys
theLippmann-Schwingerequation
tY1v＝Wjv＋ＶｉＷＧＹＮ〃１Ｖ，（3.8）
whereViWdenotestheYjVpotentialoperatorand
GYjvthefreeY1Vpropagator・InsertingEq.(3.8）
ｉｎＥｑ.(3.7),weget
呼涛＝ｔ７Ｋ＋ViWGY｣v呼涛，（39）
whichcanbesolvedbyinversion
呼涛＝（l-ViwGwv)-1tγ氏（3ﾕO）
Aftersolvingthelastequationinthepartialwave
decompositionwithrespecttotheYNsubsystem，
ｏｎｅobtainstheYjVrescatteringamplitudebysub-
tractionoftheIAterm、
TheKjVrescattering(diagram(c)ｏｆFig.２)is
evaluateddirectlyincontrasttoYjVrescattering
Thecorrespondingoperatorisgivenby
tXﾉﾇ，＝tKNGKjvt（ （3.11）
ｗｈｅｒｅｔｍｖｉｓｔｈｅＫｊＶｓｃａｔｔｅｒｉｎｇｏｐｅrator,which
alsoobeystheLippmann-Schwingerequationof
thefbrm（3.8),andGKjvisthefreeKjVprop
agator・FbrVmvwetaketherank-1separablepo-
tentialwhich，inthepartialwawerepresentation，
ｉｓｇｉｖｅｎｂｙ
ＶＭｐ',p）＝）Ｗｇ(p')2J,(血』（3.12）
withthefbrmfactor
Ｂ２Ｊｐ２9(p旭 (3.13）[p2M;J]￥
where)Ｗ，B2J，andA2Jareparameterswhichare
determinedbyfittingthephaseshifttotheexper-
imentaldata[22,23]、The汀K-process(diagram
(d)ｏｆFig.２)isalsocalculatedinthesameway
asinthecaseofKNrescattering、Thedetailof
thesecalculationcanｂｅｆｂｕｎｄｉｎｔｈｅｗｏｒｋｏｆＡ・
Salam[l6I
Inthefbllowingwedescribebrieflytheextrac-
tionoftheinvariantelementaryamplitudefrom
thecrosssectioｎｏｎｔｈｅｄｅｕｔｅｒｏｎｉｎｖｉｅｗｏｆｔｈｅ
ｓｔｕｄｙofkaonphotoproductionontheneutron
Hereweconsideronlythechanne１７．→KoApas
itsmeasurementismorerealizableinthenearfU-
tureTheconditionfbrextractingisthatthefinal
stateinteractioneflectsarenegligiblelnthiscase
onecanseparatetheinvariantelementaryampli-
tudefromthedeuteronone．、ｓｈｏｗthis,firstwe
writetheamplitudeoftheimpulsetermexplicitly
as
<川MtXKluM＝Ｚ<川|tｽKl↓ｗ〉
似Ⅳ’
×c1ijjilv,陛州…(-戸)v)， (3.14）
whereCisC1ebsch-Gordancoeflicient，耐is
thespectatornucleonmomentum，ａｎｄ⑭isthe
deuteronwavefUnction・ThiswavefUnctionis
givenby
ＥＣ2脚`ＷＭ）
２
YH“z(-ｶＮ)，（3.15）
⑪似s似｡(－，V）
×
whereYisthesphericalharmonicsanduisits
radialpart・WeusedtheBonnmodel[24]fbrgen‐
eratingthedeuteronwavefUnction，Ｔｈｅｎｂｙｅｘ‐
plicitcalculationofsummationoverallspinstate
oftheamplitudegiveninEq.(3.14)hnallyweget
，馬ル洲'`伽)ｒ－
Ｚｌ仏１W',w)r[:'町｡'2噸：似Ｙ似Ⅳ′
+(鳧'yho'２+;'Y､'2+:剛＞;』 (3.16）
wherethefirstfactoronther・ｈｓ・istheinvariant
elementaryamplitudefbrthereaction7jV'→ＫＹ．
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calculatedfbrphotonenergyofL3GｅＶｉｎｔｈｅ
ｆｂｒｗａｒｄｋａｏｎａｎｇｌｅＯＫａｔｔｈｅpeakpositionThe
hgureshowsthattheYNrescatteringdominates
theefIectinthisregionatlargerhyperonangle
Oし,whileKjVrescatteringand汀K-processhave
negligibleefIbctsoverallhyperonangleOﾅ．
ThetensorasymmetryisshowninFi9.8．Ｈｏｍ
ｔｈｉｓｆｉｇｕｒｅｗｅｃａｎｓｅｅｔｈａｔｔｈｅｒｅscatteringsand
7TK-processhaveverydifferenteffectsfbrno,Zhl，
andZh2，especiallyatlargerkaonscatteriｎｇａｎ－
ｇｌｅＯＫ、Fig9showsthedoublepolarizationob-
servablescalculatedfbrphotonenergiesnearthe
thresholｄｉｎｆｂｒｗａｒｄａｎｇｌｅＯＫ，whileFiglOthe
recoilpolarizationandbeamasymmetry6Thefig-
uresshowthattheYNrescatteringdommatesthe
eflectfbrthosepolarizationobservables、TheefL
fbctisremarkableatlargerhyperonangleO{,、
Ｆｉｇ．１１presentstheinvariantelementaryam-
plitudesfbrthechannel7d→ＫｏＡｐ、Theampli-
tudesarecalculatedfbrphotonenergyof1.5ＧｅＶ，
０１Ｖ＝３０degree,ａｎｄの｣v＝180degreeThesekine‐
maticsarechoseninaccordancewitｈｔｈｅｗｏｒｋｏｆ
ＬｉｅｔＱＬ[91.Theleftpanelshowstheamplitudes
fbrlPM＝５０MeVandtherightfbrlnvl＝５００
ＭｅＶ、Ａｓｃａｎｂｅｓｅｅｎ，theextractedelementary
amplitudeiscoinsidewiththefiPeecasefbrthe
smallerspectatornucleonmomentum．
４Results
ｌｎＦｉｇ３ｗｅｐｒｅｓｅｎｔｔｈｅｒｅｓｕｌｔｆｂｒｔｈｅtotal
crosssectionof7d→KoAp,７．→ＫＯＺ十､,ａｎｄ
７ｄ→KoEop，whichisobtainedbyintegrating
Eq.(3.2)overkaonanglesandmomenta・Ascan
beseenfromthepanelsinthetoprowofthefigure，
the7rK-process(solidline)hasaremarkableeflbct
especiallyinZ-channel・Ｔhepanelsinthebot-
tomrowofthefigureshowtheratioひ1A+FSI/ぴ1A、
ＨｏｍｔｈｉｓｒａｔｉｏｗｅｃａｎｓｅｅｔｈａｔｔｈｅｅｆＩectsofYN
rescatteringand7TK-processarestrongnearthe
thresholdregion・Fbrallchannelsbeingconsidered
theeffectofKlVrescatteringisalmostnegligible・
Ｆｉｇ．４showsthedifferentialcrosssection，
whichisobtainedbyintegratingEq.（3.2）over
kaonangles，asafUnctionofkaonscatteringan-
gleOKinthedeuteronrestframe(toprowpanels）
andtheratiod◎1A+FSI/dぴ1Ａ(bottomrowpan‐
els)．Herethecrosssectioniscalculatedatthe
photonenergynearthethresholdTherefbre，ａｓ
ｉｔｉｓｓｈｏｗｎｉｎｔｈｅｔｏｐｒｏｗｐａｎｅｌｓ，ｔｈｅ7｢K-process
hasaremarkableeffect、Thenextstrongeffect
comesfromYjVrescattering,whileKjVrescatter-
ingagainshowsanegligibleeffect、FYomthisfigure
wecanseethatthekaonisscatteredmostlyinthe
fbrwarddirection・Thisisbecausethedeuteron
wavefUnctionissuppressedinthebackwardangle
Howevertheratiodぴ1A+FSI/dびIAshowsthatthe
rescatteringsand7TK-processhavestrongeflects
atthebackwardangles、Thiscanbeexplained
thattherescatteringsand7TK-processhaveredis-
tributedtherelativemomentumofthenucleons
suchthatthedeuteronwaｽﾉefUnctionhaslarger
valuesinthebackwardangle
TheinclusivecrosssectionisshowninFi９．５．
Inthisfigureweaddthecrosssectionofallchannel
beingconsidered、Ｔｈｅｌｅｆｔｐａｎｅｌｓｈｏｗｓｔｈｅｃｒｏss
sectionatasmallerphotonenergyandtheright
atahigherphotonenergybBotharecalculated
inthefbrwardkaonangle，Ｗｅｃａｎｓｅｅｔｈａｔｔｈｅ
ＹｌＶｒｅｓｃａｔｔｅｒｍｇenhancesthecrosssectionatthe
thresholdregionandalsoaroundthepeakfbrthe
bothphotonenergies,whilethe7TK-processshows
itsefIectatsmallerkaonmomentumandphoton
energy、Fig6showstheinclusivecrosssection
onlywithlAwhichiscalculatedusingtwodifIer-
entelementaryoperators，Thesolidoneiscal-
culatedusingelementaryoperatorwithD13(1900）
resonancewhilethedashiswithout・Ｈｅｒｅｗｅｃａｎ
ｓｅｅａｂｉｇｄｉ丑brencebetweenthosecrosssections
especiallyintheA-channeLThusthischannelcan
serveasafilterfbrthedifferentelementaryoper-
ators、
InFig7wepresenttheexclusivecrosssection
５Conclusions
WehaveevaluatedtheKophotoproductionon
thedeuteronbyinvestigatingtheeffectofYjVand
K1Vrescatteringand7TK-process、AsizeableefL
fectinthetotalcrosssectionisfbundfrom7TK-
processespeciallyinZ-channeLTheYjVrescat-
teringhasaremarkableefIectatthethreshold
regionintheinclusivecrosssection，while7TK-
processhasstrongeffectsatthebackwardkaon
anglesandfbrsmallkaonmomentum、Intheex-
clusivecrosssectiontheY1Vrescatteringdomi-
natestheefIectatlargerhyperonangles、Inall
casestheefIectofKNrescatteringisnegligible
ltisalsofbundthatAchannelshowsverydifIer-
entstrengthintheinclusivecrosssectionfbrdifL
fbrentelementaryoperators,whichindicatesthat
thischannelcanserveasafilterfbrdifferentmodel
ofelementaryoperatorsFbrthepolarizationob‐
servablestheYjVrescatteringhasdonnnantefIects
thanKZVrescatteringand7rK-process・
Ｗｅａｌｓｏｈａｖｅｓｈｏｗｎｈｏｗｔｏｅｘｔｒａｃｔｔｈｅele-
mentaryalnplitudefromthecrosssectiononthe
deuteronfbrthechannel7d→Ko1Lp・Itisfbund
thattheextractedelementaryamplitudeiscoin-
sidewiththefreecaseatasmallspectatornucleon
momentum，whilethediscrepancyappearsinthe
largermomentum．
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